Abstract: A novel method for the determination of nickel in edible oils was proposed. The suggested procedure was on the basis of complexation of N, N'-bis(4-methoxysalicylidene) ethylenediamine and nickel in oily media and UVVisible spectrophotometric determination at 396 nm. The complex formation was completed within 20 seconds. The mixture of n-hexane and acetone (1:4, v/v) was used as solvent and the molar absorptivity of the complex was calculated as 6540 L mol -1 cm -1 . The limits of detection and quantification were 0.24 and 0.82 µg g -1 , respectively. The calibration graph was linear between 0.25-1.50 mg L -1 nickel concentration with 0.9995 correlation coefficient. The reliability of the suggested method was tested by analysis of organometallic nickel standard and the recovery and relative standard deviation were found as 97.0 % and 3.8 %, respectively. Furthermore, the developed method was successfully applied on nickel spiked real samples and recovery values were between 90.0 -104.0 %.
Introduction
Nickel (Ni) is an essential element for the activation of urease enzyme and have important role in biological systems. Additionally, Ni has potential harmful effects on health. Exposure to Ni can cause eczema and some allergic reactions on skin. Furthermore, compounds of this element may be carcinogenic. Considering the mentioned effects, accurate and precise determination of this element becomes significant [1] [2] . The vegetable oils are obtained from plants, seeds, nuts and fruits by pressing, centrifugation, or solvent extraction. Oils are the main source of calories, fatsoluble vitamins, antioxidants and energy. The vegetable oils have been produced for centuries and the quality of oils is verified by various parameters including acidity, concentration of peroxides, fatty acid composition and iodine value. Additionally, the quality of the vegetable oil is strongly depend on the concentration of trace elements. Ni and the other metals including Fe, Cu, Co, Zn and Pb can be introduced to the oil matrix during growth of plant (from soil, fertilizers, insecticides, etc.) or oil production process. Beside the toxic nature of some of trace metals, they may promote oxidation reactions and form toxic compounds such as aldehydes, ketones, peroxides, epoxides and other carcinogenic compounds which may cause pathological effects in human body. Consequently, many undesirable results such as discoloration, rancidity, degradation of nutrients and turbidity may occur in edible oils [3] [4] .
Depending on the significant effects of elements on oil quality, metal determination studies received great attention in food analysis. Various sample pretreatment techniques for oil matrix and element detection techniques exist in literature. Open vessel wet digestion, dry ashing, microwave-assisted digestion, acid or chelating agent extraction, dilution with organic solvent and emulsification were some of the sample preparation strategies for element analysis in edible oils [5] [6] [7] [8] [9] .
The wet digestion and dry ashing strategies were the oldest oil decomposition techniques. Unfortunately, element losses and contamination may occur during decomposition process. In general, reproducibility of the results are not satisfactory and the blank values are high [10] . The microwave (MW) assisted digestion is a promising mineralization technique. The MW assisted decomposition shortens the sample pretreatment step. However, expensive instrumentation, risk of vessel explosion and dilution of the oil sample are the disadvantages of the technique [8, 11] . The extraction of elements via chelating agent is a recently popular sample preparation technique for edible oils. Briefly, aqueous phase including chelating agent is mixed with oil sample and the blend is mechanically stirred to transfer trace elements from oil phase to aqueous phase. Despite being an environmentally friendly, this non-destructive technique is time consuming [12] [13] [14] .
Considering the laborious, outlasting, overpriced and risky sample preparation procedures, it is aimed to develop a basic, miniaturized, cost effective and free of hazard sample preparation and determination method for nickel in edible oil samples. Within this scope, nickel and a Schiff base called N,N'-bis(4-methoxysalicylidene) ethylenediamine were chelated in oily media and amount of nickel was determined using UV-Vis spectrophotometry. For the first time, a new method based on complexation strategy coupled with UV-Vis spectrophotometric determination for nickel in original oil sample without any sample preparation such as digestion, extraction etc. has been reported. The proposed methodology was successfully applied on corn, canola, olive, sunflower, hazelnut and soy oil for nickel determination.
Material and Method

Reagents
The chemicals used were of analytical grade and no further purification was required. Acetone and nhexane were obtained from Merck (Darmstadt, Germany). To overcome turbidity and obtain clear solutions, mixture of n-hexane-acetone (1:4) was used for dissolution and/or dilution of chelating agent and real samples as solvent in experiments as described previously [15] . The chelating agent, N,N'-bis(4-methoxysalicylidene) ethylenediamine (MSE), was prepared by condensation reaction of ethylene diamine and 4-methoxysalicylidene as described previously [16] . A 5,000 mg kg -1 organometallic nickel standard was purchased from Conostan (Quebec, Canada). Working solutions of nickel was prepared daily with solvent mixture as required.
Preparation of chelating agent solution and real samples
The stock chelating agent solution was prepared by dissolution of 8.2 mg MSE in 25.0 mL flask in solvent mixture as 1.0 mmol L -1 . Subsequently, 2.5 mL of this solution was pipetted and diluted with solvent mixture 10 times to obtain working solution of MSE (100.0 µmol L -1 ).
Six type of refined edible oils including corn, canola, olive, sunflower, hazelnut and soy oil were commercially purchased from local Turkish markets. The samples were stored in dark at room temperature until analysis. Two grams of oil sample was accurately weighed and diluted to 25.0 mL with solvent mixture and used as sample solution for analysis.
Instruments
Recording the spectra and the absorbance measurements were made by PG Instruments T80+ double beam UV-Vis spectrophotometer (Leicestershire, UK) using a couple of 1-cm optical path length quartz cuvette. The spectrophotometer was fitted with tungsten lamp as the source and deuterium lamp as the background corrector. A Heidolph MR 3001 K model magnetic stirrer was utilized for homogenization of the solutions. The weighing of the samples were carried out with Sartorius TE214S analytical balance. The accurate volumes were delivered with Eppendorf micropipettes.
Analytical procedure
Nickel content of oil samples were determined by standard addition method as described previously [15] . This quantitative analysis approach was preferred to eliminate oil sample matrix contribution to the analytical signal. Accordingly, 2.0 mL of oil solution, standard nickel solution and 1.0 mL of chelating agent solution was transferred into volumetric flask and diluted up to 5.0 mL. The blend of the reagents were mixed well and waited for 20 seconds. Then, a portion of the solution was filled in quartz cuvette and absorbance measurement was achieved at 396 nm against to reagent blank. The reagent blank was prepared similar to standards without chelating agent. The nickel concentrations of the sample solutions were found by standard addition calibration graph. The assays were performed at room temperature and under atmospheric pressure. All the experiments were duplicated at least three times to guarantee reproducibility.
Results
Different parameters such as wavelength, reaction time, Beer's law validity range and effect of matrix ions were studied. Additionally, detection and quantification limits, accuracy and precision of the method were determined. The previously obtained and reported data about stoichiometry of the Ni-MSE complex as 1:1 and complex formation constant as 2.7(±0.4)x10 4 found valuable for the continuation of this work [17] .
Spectral characteristics of Ni-MSE complex
According to analytical procedure, 50.0 µmol L -1 of MSE and nickel were mixed and allowed to react forming Ni-MSE in n-hexane-acetone medium. The absorption spectra of nickel, MSE and Ni-MSE were recorded in the range of 200-900 nm with 0.5 nm intervals and depicted in Figure 1 . The yellowish green complex gave clearly two absorption maxima in the visible region. According to the figure, maximum absorbance value of Ni-MSE was obtained at 327 nm. However, the absorbance of noncomplexed MSE cannot be neglected at this wavelength. Therefore, the second maximum of the spectrum at 396 nm was investigated. At this wavelength, absorbance value of non-complexed MSE could be disregarded. Additionally, free nickel had no absorbance at this wavelength. So, 396 nm wavelength was used throughout the spectral studies. 
Kinetic study
Complexation of nickel and MSE is an equilibrium reaction and investigation of the time required for the completion of complexation is important to obtain maximum absorbance and reproducible results. Kinetic study was conducted to find out the required time for complexation and stability of the complex. Consequently, standard nickel and MSE concentration were mixed in 50.0 µmol L -1 concentration and absorbance of the complex was monitored during 25 minutes with 1 second intervals. Measurement of the absorbance showed that Ni-MSE complex was stable during 25 min. The absorbance values were plotted against time and visualized in Figure 2 . It is seen that complexation reaction was reached equilibrium in 20 seconds. This means that nickel levels can be expeditiously determined in oil matrix. In view of literature reports on metal determination in oil samples which need longer extraction or digestion time [7, 10] , analysis can be completed in very short period with this method. 
Order of reagent additions
All the experiments were carried out by adding the reagents in same order in all sequences. Accordingly, the substances were mixed in following order; oil sample, nickel standard and MSE solution. However, the studies showed that, alteration in the order of reagents did not cause significant difference in absorbance.
Influences of coexisting species
The selectivity of the proposed method was tested with various ions that are naturally found in edible oil matrix. In this purpose, increasing quantities of different amount of typically interfering ions such as Ca 2+ , Mg 2+ , K + , Na + , Cl -and NO3 -were added to 50.0 µmol L -1 nickel and analyzed according to the suggested procedure. Tolerable limits of coexisting ions were defined as concentration of the ion causing a relative error ≤10% on absorbance value. The results were summarized in Table 1 . The obtained data showed that the aforecited ions have no obvious interfering effect on nickel determination. Moreover, this technique overcomes the effect of natural oil matrix. 
Where A was absorbance value of complex measured at 396 nm; ε was molar absorptivity (L mol -1 cm -1 ); b was optical path length (cm) and C was the concentration of analyte (mol L -1 ). The calibration graph was fitted between 0.25-1.50 mg L -1 nickel concentrations with 0.9995 correlation coefficient. A standard addition calibration graph which was prepared with organometallic standard nickel solutions was depicted in Table 3 . The precision and accuracy of the proposed procedure were tested with 5 replicate analysis of standard nickel solutions. According to the results, recovery and relative standard deviation (RSD) values were found as 97.0 % and 3.8 %, respectively. The levels of recovery and RSD values were found suitable for routine laboratory analysis. Limit of detection (LOD) and the limit of quantification (LOQ) were calculated by 10 blank solutions analysis results with the equation ⁄ , where k is numerical factor (3 for LOD and 10 for LOQ), sb is standard deviation of the blank signal and m is the slope of the calibration graph. LOD and LOQ values were found as 0.24 µg g -1 and 0.82 µg g -1 , respectively.
Sample analysis
The suggested procedure was applied to some edible oils samples including corn, canola, olive, sunflower, hazelnut and soy oil. In detail, raw and standard nickel spiked samples were analyzed and the data were summarized in Table 2 . The spiked levels of nickel in real samples were determined accurately. The recoveries were in the acceptable range of 90-104 % for the nickel spiked oil samples. Additionally, accuracy was evaluated by comparison the theoretical values and experimental results of spiked samples by student t-test. The experimental t values were varied between 0.38 -2.83 and lower than the critical t value (tcritical = 4.30). So, there was no significant difference between theoretical value and experimental result at 95 % confidence level. 
Discussion and Conclusion
The suggested procedure based on complexation of nickel with a tetradentate Schiff base in oily media prior to UV-Vis spectrophotometric determination was demonstrated to be a reliable strategy for edible oil analysis. The proposed method had more advantages of being rapid and simpler without expensive apparatus over the published atomic spectroscopy methods for the determination of nickel in edible oil samples.
The developed nickel determination method was compared to other reported methods by sample pretreatment type, detection technique, duration of sample pretreatment and limits of detection in Table  3 . According to the table, sample pretreatment step can be completed within the shortest time with proposed method. Furthermore, considering the techniques including graphite furnace atomic absorption spectrometry (GFAAS), inductively coupled optical mass spectrometry (ICP-MS), inductively coupled optical atomic emission spectrometry (ICP-AES), high resolution continuum source flame atomic absorption spectrometry (HR-CS FAAS), determination of the analyte can be achieved cheaper by this analytical procedure. The sensitivity of the suggested method can be found worse than some of the reports [4, 17, 18, 19] . However, considering dilution of the sample, time consuming sample preparation step and high cost instrument requirement in these procedures, the presented method comes to the forefront. Additionally, the LOD value of the recommended method is similar or better than the methods that were carried out with GFAAS, HR-CS FAAS and ICP-AES techniques [3, 8, 20] . Consequently, the presented technique is the basic and accessible among the compared instruments for nickel determination in edible oil samples.
The developed method avoids the usage of large volume of oxidizing reagents and time consuming experiments. The procedure was successfully applied on corn, canola, olive, sunflower, hazelnut and soy oil samples for nickel determination. The statistically indicated data shows that the method is rapid, simple, cheap and useful for quantification of nickel in edible oil samples.
